The structures of Streptococcus pneumoniae capsular polysaccharides (CPSs) are essential for defining the antigenic as well as genetic relationships between CPS serotypes. The four serotypes that comprise CPS serogroup 35 (i.e., types 35F, 35A, 35B, and 35C) are known to cross-react with genetically related type 20, 29, 34, 42, or 47F. While the structures of CPS serotype 35A (CPS35A) and CPS35B are known, those of CPS35F and CPS35C are not. In the present study, the serotypes of CPS35F and CPS35C were characterized by high-resolution heteronuclear magnetic resonance (NMR) spectroscopy and glycosyl composition analyses to reveal the following repeat unit structures:
T he virulence of Streptococcus pneumoniae depends in part on the production of capsular polysaccharides (CPSs) that protect invading bacteria from phagocytosis and subsequent killing by host neutrophils (1) . When administered in vaccines, these polysaccharides elicit the formation of opsonic antibodies that confer serotype-specific protective immunity. Currently available CPS-based vaccines include the 23-valent polysaccharide vaccine and the 13-valent conjugate vaccine. The widespread use of these vaccines, while highly effective in preventing invasive pneumococcal disease, may also favor the emergence of nonvaccine, replacement serotypes (2) or possible new serotypes by recombination of existing strains (3) . Surveillance of both vaccine and nonvaccine pneumococcal serotypes is thus essential for monitoring and maintaining vaccine efficacy.
Twenty-four of the 92 presently recognized CPS serotypes (4) (5) (6) are distinct in the Danish system of nomenclature, while the remaining 68 are distributed among 21 serogroups that contain from two to five members each. For the most part, cross-reactions between serotypes are limited to members of the same CPS serogroup. Exceptions do, however, occur, most notably among a group of nonvaccine serotypes (7) that includes the members of CPS serogroup 35 (i.e., 35F, 35A, 35B, and 35C) and other individual types (i.e., 20, 29, 34, 42, and 47F). Examples of crossreactions between these types include group 35 serum with types 42 and 47F (8) , factor 34b serum with type 35F, factor 20b serum with type 35A, factor 29b serum with type 35B, and factor 20b and 42a sera with type 35C (9) . Structures are available for many of these types (6) , including CPS serotype 35A (CPS35A) (10) and CPS35B (11) but not for CPS35F and CPS35C. The absence of structures for the last two types limits description of the group, which was initially defined by cross-reactions of antiserum against S. pneumoniae serotype 35F with subsequently identified types (8, 12) .
The 88 S. pneumoniae CPS serotypes that are synthesized by the Wzy-dependent pathway have been compared genetically by cluster analysis of structure-determining genes in the chromosomal loci (cps) that direct the synthesis of these polysaccharides (9) . This analysis revealed eight genetic clusters, one of which (i.e., cluster 4) contained the 15 members of serogroups 10, 33, 35, and 47 and individual types 13, 20, 29, 34, 36, 39, 42 , and 43. Interestingly, the members of CPS serogroup 35 did not cluster together but instead were more closely related to serotypes outside this group (i.e., type 35F was more closely related to types 47F and 34, types 35A and 35C were more closely related to type 42, and type 35B was more closely related to type 29). To better assess the genetic as well as antigenic relations between these types, we determined the structures of CPS35F and CPS35C to complete the characterization of serogroup 35.
MATERIALS AND METHODS
Glycosyl composition analysis. All procedures associated with glycosyl composition analysis were performed at the University of Georgia Complex Carbohydrate Research Center. Initially, samples (400 g) of CPS35F, CPS35C, and CPS42 (Statens Serum Institute, Copenhagen, Denmark) were analyzed before and after pretreatment with 48% aqueous hydrofluoric acid (HF) at 4°C for 48 h to cleave phosphodiester bonds. Methyl glycosides were prepared from dried samples by methanolysis in 1 M HCl in methanol at 80°C (17 h), followed by re-N-acetylation with pyridine and acetic anhydride in methanol (for detection of amino sugars). Samples were then per-O-trimethylsilylated (TMS) by treatment with Tri-Sil (Pierce) at 80°C (0.5 h). Gas chromatography (GC)-mass spectrometry analysis of TMS methyl glycosides was performed on an Agilent 7890A GC interfaced to a 5975C MSD system, using an Agilent DB-1 fused-silica capillary column (30 m by 0.25 mm [inside diameter]). Peaks were identified by comparison with monosaccharide standards, which included ribitol and mannitol.
NMR spectroscopy. Nuclear magnetic resonance (NMR) studies were performed as previously described (13, 14) with native CPS35F, CPS35C, and CPS42 and with de-O-acetylated (de-OAc) samples of CPS35F and CPS42, prepared by overnight incubation of native CPS in a mild base (0.1 M NH 4 OH) at 4°C. Prior to NMR, the polysaccharides (3 to 10 mg) were lyophilized twice from 99.8% D 2 O and taken up in 99.996% D 2 O. Spectra were recorded at 25°C in a Bruker DRX 500 spectrometer with a cryoprobe. A DRX700 spectrometer was used for 1 H-detected 31 P spectra. All proton and carbon chemical shifts were referenced relative to internal acetone using ␦ 1 H of 2.225 ppm and ␦ 13 C of 31.07 ppm. Multiplicity-edited heteronuclear single quantum coherence (HSQC) was used to distinguish methylene from methine groups, which was useful for identification of the C-6 groups of hexoses as well as the C-1 and C-5 or C-6 groups of alditols in polysaccharides. The common homonuclear two-dimensional NMR methods of double quantum filtered coherence spectroscopy (DQF-COSY), total coherence spectroscopy (TOCSY), and nuclear Overhauser effect spectroscopy (NOESY) were augmented by triple quantum filtered coherence spectroscopy (TQF-COSY), which was useful for correlating methylene protons with adjacent positions. The utility of the hybrid method, HSQC-TOCSY, in the crowded carbohydrate spectra was enhanced by the use of a high digital resolution in the indirect dimension ( 13 C). With an increased number of data points (n ϭ 2,048) and by folding of these single quantum spectra, the useful resolution was improved to approximately 3 Hz, approaching the natural 13 C line width. A second hybrid pulse sequence, HSQC-NOESY, also recorded at a high digital resolution in 13 C, was especially valuable for correlating C-5 of ␤-Galp with H-1 and H-4. Heteronuclear multiple bond correlation (HMBC) spectra and a single quantum analog (HSQMBC) were used for identifying linkage positions and assignments of residues. A variation of the HMBC sequence in which the 13 C carrier was placed in the region of the carbonyl 13 C (175 ppm) was used for the reliable correlation of acetyl and amide methyl groups with proton resonances in the sugar ring. All NMR data were processed by the NMRPipe and NMRDraw software packages (NMRScience) with analysis by the NMRView program (One Moon Scientific).
RESULTS

Structure of CPS35F.
Glycosyl composition analysis of native CPS35F indicated 98.6 mol% galactose and 0.8 mol% ribitol with negligible amounts of mannose, glucose, and GlcNAc. HF-treated CPS35F revealed 77.4 mol% Gal and 21.5 mol% ribitol. The increase in the amount of ribitol can be attributed to cleavage of ribitol-phosphate by HF. These findings are consistent with the results from NMR described below, which indicate four residues of Gal and one ribitol-phosphate in the CPS35F repeating unit. All Gal residues were assumed to be the normal D-isomers, like those in closely related CPS34 (9, 15) . The 1 H-13 C HSQC spectrum of CPS35F contained a peak at 2.137 ppm in 1 H and 21.27 ppm in 13 C, signifying an O-acetyl substituent that is connected to residue C at the 2 position (see below). The anomeric region of the spectrum showed several peaks of differing intensities (results not shown), suggesting that O-acetylation of CPS35F might be heterogeneous. Therefore, to simplify the NMR spectrum, a sample of native polysaccharide was treated with mild base, as described in Materials and Methods, to produce the de-O-acetylated form. As expected, the 1 H spectrum of this sample lacked the peak at 2.137 ppm attributed to O-acetylation.
The anomeric region of the HSQC spectrum of de-O-acetylated CPS35F (Fig. 1A) showed four peaks that were assigned the letters A, B, C, and E, chosen to correspond to the four Gal residues of genetically related CPS47F (16) . Like CPS47F, the anomeric resonance of residues A and C were assigned to ␤-Galf on the basis of their downfield 13 C chemical shifts (Table 1 ). H-2 of each residue was assigned by DQF-COSY cross peaks with H-1, and the corresponding C-2 was assigned by HSQC. Long-range 1 H- 13 C coupling correlation by HMBC can often be used in the assignment of C-3 and C-4 of furanosides, but for this system, with its limited chemical shift dispersion, the single quantum analog, HSQMBC, with its pure antiphase line shape gave more satisfactory spectra with an improved resolution in the 13 C dimension (Fig. 2 ). Strong cross peaks of H-1 with C-4 along with lesser peaks for C-3 identified these assignments for both Galf residues (i.e., residues A and C). The remaining resonances for these residues were obtained by HSQC-TOCSY.
Residue E was identified to be ␣-Galp by the narrow DQF-COSY cross peak of H-1 with H-2. The HSQMBC spectrum showed strong cross peaks of H-1 with C-3 and C-5 expected for the ␣-anomer. E6-H was identified by HSQC-TOCSY cross peaks with C5-C. Residue B, with B1 being at 4.503 ppm in 1 H and at 103.92 ppm in 13 C, was identified to be ␤-Galp by the large coupling constant between H-1 and H-2 in DQF-COSY. The remaining resonances of residue B were assigned by HSQC-TOCSY and HSQC-NOESY.
For the assignment of residue F (i.e., ribitol), which lacks an anomeric resonance, we began with the assignment of the methylene F5 with 1 H at 4.010 and 4.100 ppm and 13 C at 67.82 ppm. Those 1 H resonances corresponded to peaks in a 1 H-31 P HSQC spectrum due to the phosphodiester bond. The HSQC-TOCSY cross peak between F5-C and F4-H provided assignment of the latter resonance at 3.869 ppm, and F4-C was located at 71.25 ppm by HSQC. HSQC-TOCSY provided a further correlation to F3-H at 4.040 ppm, but HSQC identified two candidate peaks for F3-C at 80.51 and 72.39 ppm, making it difficult to distinguish which one was F3-C. At this point all the resonances in the spectrum except for F1, F2, and F3 had been assigned. The sole remaining unassigned methylene peak in the edited HSQC spectrum was assigned to F1, while F2 and F3 were distinguished and assigned by HSQC-TOCSY.
Once all the resonances in the 1 H-13 C HSQC spectrum were assigned ( Fig. 1; Table 1 ), the interresidue linkages were apparent from the long-range 1 H-13 C correlation detected in the well-resolved HSQMBC spectrum. Figure 2 shows not only the intraresidue cross peaks of A1-H, C1-H, and E1-H used in the assignment of those residues, as discussed above, but also cross peaks of A1-H with B3-C, C1-H with E3-C, and E1-H with F2-C. The corresponding NMR correlations are indicated in the structure of CPS35F in Fig. 3A . Although they are not included in Fig. 2 , there are well-resolved cross peaks of B1-H with C6-C and of B1-C with C6-H and C6=-H, as well as HSQC-NOESY cross peaks between B1-C and C6,6=-H, that confirm the linkage between those two residues, as shown in Fig. 3A .
Given the complete NMR assignment of the de-O-acetylated form and the sugar backbone structure of CPS35F ( Fig. 1 ; Table  1 ), assignment of the native O-acetylated form, including the position and extent of acetylation, was straightforward. Native CPS35F is a mixture of the de-O-acetylated form with a form that contains a single O-acetyl substituent at the 2 position of ␤-Galf (i.e., residue C), which is linked to ␣-Galp. Therefore, the anomeric region of the HSQC spectrum of the native form contains resonances that match those of all the residues of the de-O-acetylated form. All the correlations used to assign the resonances of de-O-acetylated CPS35F were observed for the corresponding resonances of the native form. In addition to these, two other resonances were present in the anomeric region of the spectrum of native CPS35F that were assigned to the acetylated form of CPS35F; one at 5.247, 99.93 ppm was assigned to residue E1, and the other at 5.385, 107.90 ppm was assigned to residue C1 ( Table  1 ). The C1 peaks of acetylated and unacetylated CPS35F were approximately the same height in both the 1-dimensional 1 H and HSQC spectra of native CPS35F, suggesting 50% O-acetylation of the sample.
O-acetylation of residue C at the 2 position was evident from the large downfield 1 H shift in the cross peak between C1-H and C2-H at 5.055 ppm in the DQF-COSY spectrum of native CPS35F. There were also significant shifts of resonances at C3, C4, and C5 (Table 1) . Further proof of the position of O-acetylation was provided by cross peaks between the carbonyl 13 C at 174.05 ppm and both the acetyl methyl group protons at 2.137 ppm and residue C2-H at 5.055 ppm ( Table 1) .
Structure of CPS35C. Glycosyl composition analysis of native CPS35C showed 34.8 mol% Gal, 47.7 mol% Glc, and 15.3 mol% mannitol, along with small amounts of Man and GlcNAc. After treatment with cold HF, the composition analysis was 40.8 mol% Gal, 37.9 mol% Glc, and 15.1 mol% mannitol, along with a small amount of GlcNAc. These data are consistent with the results from NMR, which showed that the CPS35C repeat contains six residues: three Gal residues, two Glc residues, and one mannitol residue. Although the absolute configuration of these sugars was not determined, we expect that they are the normal D-isomers, like those in closely related CPS35A (9, 10) . The 1-dimensional 1 H NMR spectra of CPS35C showed several small peaks in the 2.1-ppm region rather than the strong sharp peaks characteristic of O-acetyl methyl groups seen in spectra of native CPS35F and CPS42, as discussed below. The anomeric region of the 1 H-13 C HSQC spectrum showed five prominent peaks, which were interpreted to indicate five sugar residues in the CPS35C repeating unit (Fig. 4A) . Several smaller peaks with intensities that were 10 to 15% of those of the five major peaks were also present; these smaller peaks were attributed to the presence of minor contaminating polysaccharides.
1 H-31 P HSQC spectra contained major peaks that were attributed to phosphodiester bonds in CPS35C along with minor unidentified contaminating polysaccharides.
The five anomeric sugar residues in the CPS35C repeat were assigned the letter designations A to E, respectively. The anomeric 1 H and 13 C signals of residues A and C at 4.354, 109.01 ppm and at 5.056, 108.78 ppm, respectively, were identified to be ␤-Galf resi- dues on the basis of the downfield 13 C shifts, a proposal that was confirmed in the detailed assignment of the 1 H-13 C spectrum. DQF-COSY cross peaks from the anomeric 1 H signals identified A2-H and C2-H, with A2-C and C2-C being obtained from the HSQC spectrum. HSQC-TOCSY cross peaks were observed between H-1 and C-2 and C-3 along with weaker cross peaks with C-4 for both residues A and C. The HMBC spectrum showed stronger cross peaks between H-1 and C-4 and weaker cross peaks between H-1 and C-3. HSQC-TOCSY cross peaks of C-3 and C-4 with H-5 and H-6 of both residues A and C completed the spectrum assignments of the two Galf residues.
The assignment of residue E as an ␣-pyranoside with anomeric resonances at 5.564 and 97.72 ppm in 1 H and 13 C, respectively, began with identification of E2-H at 3.515 ppm by a narrow DQF-COSY cross peak with E1-H. The HSQC-TOCSY cross peak at 72.67 ppm was confirmed to be E2-C by an HSQC cross peak with E2-H. Additional HSQC-TOCSY cross peaks with E1-H included a strong peak at 73.71 ppm (E3-C) and a weak peak at 70.94 ppm (E4-C). The assignment of E3-C was confirmed by the HSQMBC cross peak expected for an ␣-pyranoside with E1-H, and the cross peak at 72.55 ppm was assigned to E5-C. That residue E is Glcp and not Galp was shown by a strong DQF-COSY cross peak between equatorial E4-H and E5-H. In addition, there was a strong HSQC-TOCSY between E4-C, E5-H, and E6,6=-H. For residue B, which is ␤-Galp, the anomeric resonances were at 4.776 and 103.22 ppm in 1 H and 13 C, respectively; B2-H was located at 3.829 ppm by DQF-COSY, and B2-C was located at 72.97 ppm by HSQC. HSQC-TOCSY cross peaks of B1-H were seen at 72.97 ppm (B2-C) and at 78.86 ppm (B3-C), with a third weaker peak being seen at 68.43 ppm (B4-C). An HSQC-NOESY cross peak between B1-H and 78.86 ppm supported assignment of the peak as B3-C, and a second cross peak between B1-H and 75.45 ppm supported assignment of the peak as B5-C. HSQC-TOCSY cross peaks of B5-C point to B6-H at 3.773 ppm and the corresponding B6-C at 61.69 ppm, where the overlap with E6 was sorted out with HSQC-TOCSY.
For residue D, which is ␤-Glcp, D2-H was located by DQF-COSY and D2-C was located by HSQC. HSQC-TOCSY cross peaks with D1-H were observed at 74.49 ppm (D2-C), and at 82.00 ppm, a signal was identified to be D3-C by the occurrence of an HSQC-NOESY cross peak with D1-H at that position. A third HSQC-TOCSY cross peak with D1-H was seen at 68.93 ppm (D4-C), and a fourth at 76.73 ppm was assigned to D5-C, since an HSQC-NOESY cross peak was also seen there. The ␤-Glc with all equatorial protons also resulted in a very weak HSQC-TOCSY cross peak of D1-H with D6-C, completing the assignment of residue D.
The mannitol (i.e., residue F) identified by carbohydrate composition analysis lacks a characteristic anomeric resonance and thus was located by its phosphodiester linkage using 1 H-31 P HSQC, which showed the correlation of 31 P to resonances at 4.164, 4.088, and 4.256 ppm. The first two corresponded to the 1 H frequencies of a methylene resonance in multiplicity-edited 1 H-13 C HSQC at 67.99 ppm in 13 C, which was assigned to F6. The 31 P cross peak at 4.256 ppm results from the linkage to B3, for which B3-H is at that chemical shift. An HSQC-TOCSY cross peak between the F6-C resonance and 3.878 ppm was used to identify F5-H. There were four unassigned methine peaks in HSQC very near that 1 H chemical shift that must represent F5 through F2, since all other peaks in the spectrum had been assigned. The sole remaining unassigned methylene resonance at 70.57 ppm in 13 C and at 3.668 and 4.038 ppm in 1 H was assigned to F1. The peak at 69.21 ppm showed HSQC-TOCSY cross peaks with F6,6=-H and, thus, was assigned to F5-C. The 13 C chemical shifts of F2, F3, and F4 were assigned by HSQC-TOCSY without 13 C decoupling during 1 H acquisition. In such spectra, rows at the 13 C chemical shifts of F2-C, F3-C, and F4-C exhibited direct peaks that were split by the 1-bond C-H coupling of approximately 140 Hz, thereby re- vealing accurate 1 H chemical shifts of relayed cross peaks to provide the assignments presented in Table 1 .
With the complete assignment of the 1 H-13 C NMR spectrum ( Fig. 4B; Table 1 ), the structure of the CPS35C polysaccharide was deduced from the long-range C-H correlation determined by the HMBC and HSQMBC spectra. Linkages from residues B to A and from residues A to D were shown by cross peaks in the HMBC spectra between B1-H and A3-C and between A1-H and D3-C, respectively. Linkages from residues D and C and from residues C and F were shown by both the HMBC and HSQMBC spectra (data not shown). The phosphodiester linkage between residues F and B was defined by the cross peak between B3-H at 4.256 ppm in the 1 H-31 P HSQC spectra. Finally, the linkage between side chain residue E and residue B was clear from the HSQMBC spectra, whose 6-Hz resolution is sufficient to resolve cross peaks of E1-H with E5-C (72.55 ppm), E3-C (73.71 ppm), and B2-C (72.97 ppm). The structure of CPS35C and the interresidue correlations in the NMR spectra are given in Fig. 3B .
Structure of CPS42. Petersen et al. (17) published the structure of CPS42 prior to completion of the present study. Since the published structure and our independently determined structure are essentially identical, differing only in the extent of O-acetylation, we have truncated our description of this polysaccharide.
We found that treatment of CPS42 with a mild base to remove O-acetyl groups gave a product whose HSQC spectrum was identical to that of CPS35C, showing that the carbohydrate backbones of these two polysaccharides are identical. To determine the positions of O-acetylation of the backbone of the native CPS42, we used the carbonyl HMBC spectra to show that there are two forms of the CPS: one form with O-acetylation at both A5 and A6 and a second form with acetylation only at A6, consistent with published results (17) . Our data indicated, however, that there is a third form that has no O-acetylation and that is thus identical to CPS35C.
The relative amounts of the three forms of CPS42 were estimated from the HSQC peaks of the A5 and A6 positions, which were well resolved for all three forms ( Table 1 ). The relative heights of these peaks suggested 54% di-OAc form, 30% monoOAc form, and 16% nonacetylated form. The two acetyl methyl peaks of the diacetylated form were similar in size and were about twice the size of the acetyl methyl peak of the mono-O-acetylated form, and all of these were 6-OAc. It is significant that we did not see a measurable amount of a 5-OAc form, implying that O-acetylation at that position requires the presence of a 6-OAc group. This result differs slightly from that of Petersen et al. (17), who found the major 5,6-OAc form and the 6-OAc form but not the nonacetylated form.
DISCUSSION
The structures of S. pneumoniae CPS35F and CPS35C determined in the present study and those of CPS35A and CPS35B characterized previously (10, 11) provide the first comprehensive description of serogroup 35 (Fig. 5) . Surprisingly, the only features shared by the four members of this group are the ␤1-3-linked Galf units at the second and fifth positions of each repeating unit. The intervening structures distinguish CPS35F (i.e., -3Gal␣1-2ribitol-5-PO 4 Ϫ -) either from CPS35A or CPS35C (i.e., -1mannitol-6-PO 4 Ϫ -3Gal␤-) or from CPS35B (-1ribitol-5-PO 4 Ϫ -4GalNAc␤-). Other differences between these types include the initial sugar, which is Galp in type 35F and Glcp in the other types; the unique Glc branch of type 35C; and the O-acetylation of conserved Galf. We expected that CPS35C would contain a Glc branch (like CPS42) and be fully O-acetylated (like CPS35A), based on comparisons of cps loci and antigenic formulas (Fig. 5) . While the Glc branch was revealed by NMR of commercially available CPS35C, there was no evidence of O-acetylation (i.e., less than 10%). The possibility that samples of CPS35C prepared under different conditions are O-acetylated cannot, however, be excluded, especially since the genes (i.e., wciG and wcjE) for this modification are virtually identical in types 35A, 35C, and 42. Clearly, further studies are needed to explain why these types have different patterns of O-acetylation and also whether this contributes to differences in antigenicity.
Cross-reactions of rabbit antiserum against CPS serotype 35F with other members of serogroup 35 and closely related type 47F are represented by factor 35a in the antigenic formulas of these types (Fig. 5B) . Interestingly, these cross-reactions do not appear to correlate with major features of these polysaccharides, which is perhaps not surprising, in view of the structural differences noted between CPS35F and other members of serogroup 35. Instead, the cross-reactions of factor 35a serum may depend on structural similarities that are more subtle, such as -6Galf-(2-OAc)␤-in types 35F, 47F, 35A, and 35B and perhaps other features in CPS35C that remain to be identified. In contrast, cross-reactions of other diagnostic sera, including factor serum 35b (i.e., anti-35F serum absorbed with type 35A and 34), factor serum 35c (i.e., anti-35A serum absorbed with types 35F), factor serum 42a, and, as previously suggested (11), factor serum 29b, can be correlated with common features in the repeating units of different polysaccharides. The use of these cross-reactions (rather than those of antitype 35F) to define CPS serogroups is clearly possible and may well have occurred had all presently recognized types been available to Kauffmann and coworkers (12) at the time that these investigators initiated serological studies of pneumococci that led to the Danish system of nomenclature (8) . While a more direct correlation of CPS35 serotypes with structural (and genetic) types would be aesthetically pleasing, this would probably not simplify identification of individual types, which would still have to be tested for their reactions with different group-and factor-specific sera prepared in rabbits. The recognition of three structural (and genetic) subgroups among these nonvaccine serotypes is, however, of interest from an evolutionary standpoint, as these subgroups display the genetic, structural, and antigenic properties expected of authentic serogroups that emerged by immune selection within the human host. With this in mind, it would be of interest to compare the reactions of convalescent-phase human sera and diagnostic rabbit sera with members of these groups.
All structure-determining genes in the cps loci of serogroup 35 and related type 29 can be unambiguously assigned to specific residues and linkages of the corresponding polysaccharide structures (Fig. 5B) in a manner consistent with that used in previous studies of these types (18) and types 34, 42, and 47F (16) . CPS structures are now available for all five serotypes with genes designated wcrJ (Table 2) . In types 35A, 35C, and 42, these genes are associated with the transfer of mannitol-6-phosphate to Galp, while in types 29 and 35B, they are associated with the transfer of ribitol-5-phosphate to GalNAc. The possibility that different transferases catalyze these reactions is suggested by segregation of the corresponding WcrJ sequences into distinct homology subgroups with sequences that are only about 40% identical. Interestingly, the five CPS serotypes with genes designated wcrJ also have genes designated wcrH ( Table 2 ) that are associated with the transfer of Galf to mannitol-6-phosphate in types 35A, 35C, and 42 but to ribitol-5-phosphate in types 29 and 35B. It is unclear, however, whether the corresponding WcrH homologues, which segregate into two distinct homology subgroups, are members of the same or different complementation groups. In other words, WcrH homologues of different serotypes may act on the structurally similar 1-OH groups of mannitol-6-phosphate and ribitol-5-phosphate, as previously suggested (18) , or alternatively, they may act specifically on one polyalcohol-phosphate or the other. Genes designated wcrH also occur in the cps loci of serotypes 10F and 10C, where they have been shown (14) to direct the transfer of Galf to the C-6-OH of GalNAc ( Table 2 ). The possibility that these genes, which encode a third WcrH subgroup, are also associated with the transfer of Galf to the C-1-OH of mannitol-6-phosphate or ribitol-5-phosphate cannot be excluded at this time. Finally, it is noteworthy that the sequences of the WcrH homologues of CPS serotypes 36 and 43 are distinct from each other as well as from those of other CPS serotypes. Additional WcrH acceptors may thus be suggested from the structures of CPS36 and CPS43, the only serotypes in genetic cluster 4 (9) that remain to be structurally characterized. CR931721, CR931703, CR931704, CR931706, CR931715, CR931705, and CR931694) (A) with the corresponding CPS structures determined in the present or previous investigations (10, 11, 16, 17, 19 ) (B). The antigenic formulas of the CPS serotypes are indicated in parentheses. Colors identify genes for glycosyl or polyalcohol-phosphate transferases (blue), polymerases (black), flippases (white), O-acetyltransferases (purple), and precursor biosynthesis (green); the cps35A locus contains a wcrK pseudogene (blue brick-like pattern). Genes designated wcrH or wcrJ are associated with features in CPS35A, CPS35C, and CPS42 different from those in CPS35B and CPS29 (Table 2) . a Genes designated wcrJ and wcrH encode members of protein homology groups 129 and 51, respectively (20) .
